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Non-adiabatic geometric quantum computation (NGQC) provides a promising way for implementing robust
quantum gate operation. However, NGQC has no obvious advantage over the dynamical scheme in dealing
with control errors. Here, we show a new geometric scheme, called Floquet geometric quantum computation
(FGQC), in which error-resistant geometric gates based on periodically driven two-level systems can be con-
structed via a new non-Abelian geometric phase proposed in recent work [V. Novicˆenko et al, Phys. Rev. A
100, 012127 (2019) ]. Moreover, we propose a practical implementation of single- and two-qubit FGQC gates
using Rydberg atoms. In addition, we numerically simulate our geometric gates in the presence of Rabi error
by using the recent experimental parameters, the results show that the FGQC gate is more robust over NGQC
and dynamical gate (DG). Consequently, our work makes an important step towards robust geometric quantum
computation.
I. INTRODUCTION
Quantum computations is capable of solving certain prob-
lems much more effective than classical computations, such
as quantum simulations [1, 2], prime factoring [3–5], search-
ing unsorted data [6] and machine learning [7–9]. High fi-
delity universal gates for quantum bits form an essential in-
gredient of quantum computation and quantum information
processing. One promising approach towards this goal is to
use geometric phases [10–13] which have widely attracted at-
tentions because geometric phases depend only on the global
properties of the evolution trajectories, and thus have built-in
noise-resilient features against certain local noises [14–18].
The early applications of geometric quantum computation
(GQC) are dependent on adiabatic quantum evolution to sup-
press transitions between different instantaneous eigenstates
of Hamiltonian [19–23], these adiabatic gates operate slowly
compared to the dynamical time scale, they become vulner-
able to decoherence effects that may lead to loss of coher-
ence. To overcome the dilemma between the limited coher-
ence times and the long duration of adiabatic evolution, non-
adiabatic geometric quantum computation (NGQC) [24–30]
and non-adiabatic holonomic quantum computation (NHQC)
[31–44] based on non-adiabatic Abelian and non-Abelian ge-
ometric gate [11, 13] have been proposed. Due to its intrinsic
noise-resistance features and high-speed in implementation,
NGQC has attracted considerable interests [27, 31, 34, 45–
71] and has been experimentally demonstrated with nuclear
magnetic resonance [45, 46], superconducting circuits [47–
51, 72–74] and nitrogen-vacancy centers in diamond [52–57].
However, these non-adiabatic gates require the driving pulses
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to satisfy the restrictive conditions, reducing the robustness of
the resulting geometric gates against control errors [41–44].
In this paper, we propose a new scheme, called Floquet geo-
metric quantum computation(FGQC), in which error-resistant
geometric gates can be constructed via a new non-Abelian ge-
ometric phase with periodically driven systems proposed in a
recent work [75]. More importantly, we propose a practical
model to realize universal geometric gates including single-
and two-qubit FGQC gates in Rydberg atom system. In ad-
dition, we analytically investigate the robustness of FGQC
against control error using a perturbation method. Numerical
simulation of our geometric gate in the presence of Rabi error
using the recent experimental parameters shows that FGQC
gate is more robust over NGQC and DG [24–30].
The paper is organized as follows. In Sec. II, we introduce
the general theory of GQC and FGQC. In Sec. III, a practical
implementation of single- and two-qubit gate using Rydberg
atoms is studied concretely based on the proposed theory in
Sec. II. In Sec. III B we analytically demonstrate the robust-
ness of FGQC against global control error. The concluding
Sec. IV summarize the findings.
II. GENERAL THEORY
A. General model of geometric quantum computation
Consider a quantum system which is exposed to Hamilto-
nian H(t), for any set of complete basis vectors {|ψα(0)〉}
at t = 0, the unitary temporal evolution operator reads
U(t, 0) = T e−i
∫ t′
0
H(t′)dt′ =
∑
α |ψα(t)〉〈ψα(0)|, whereT is the time-ordering operator and the time-dependent state
|ψα(t)〉 = T e−i
∫ t′
0
H(t′)dt′ |ψα(0)〉, follows the Schro¨dinger
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2equation. Now, at each moment of time, we can always
choose a different set of time-dependent basis, {|µα(t)〉},
which satisfies the boundary conditions at t = 0 and t = τ :
|µα(τ)〉 = |µα(0)〉 = |ψα(0)〉, (1)
the time evolution state can be written as |ψα(t)〉 =∑
β cαβ(t)|µβ(t)〉, inserting this expression into Schro¨dinger
equation, we have
d
dt
cαβ(t) = i
∑
γ
[Aαγ(t)−Hαγ(t)]cγβ(t) (2)
where Hαβ(t) = 〈µα(t)|H(t)|µβ(t)〉 and Aαβ(t) =
〈µα(t)|i∂t|µβ(t)〉|, which can be combined to form an ef-
fective Hamiltonian: Heff(t) = R†(t)[H(t) − id/dt]R(t),
with R(t) =
∑
α |µα(t)〉〈µα(0)|. Consider any unitary
once differentiable operator V (t) which satisfy boundary con-
dition V (τ) = V (0), the operator A(t) transforms as a
proper gauge potential under the basis change: |µα(t)〉 →∑
γ |µα(t)〉Vαγ(t), it means that A(t) is a gauge potential,
and A(t) will, in general, contribute a non-Abelian geometric
phase to the temporal evolution operator U(τ, 0).
For a geometric quantum computation scenario, the dynam-
ical phase should be eliminated through engineering H(t)
and ancillary basis {|µα(t)〉}. If the effective Hamiltonian
is always diagonal in the initial basis, we have: Aαβ(t) −
Hαβ(t) = δαβ [Aαα(t) − Hαα(t)], the time evolution opera-
tor then can be written as
U(t, 0) =
∑
α
eiφα(t)|µα(t)〉〈µα(0)| (3)
where φα(t) =
∫ t
0
dt′[Aαα(t′) − Hαα(t′)] is the sum of the
geometric and dynamical phases. In NHQC [32, 33] they im-
posed the parallel transport conditions 〈µα(t)|H(t)|µα(t)〉 =
0 to the Hamiltonian to remove the dynamical phases,
while in NHQC+ [31] scenario we replace the paral-
lel transport condition with a more wilder condition:∫ τ
0
dt〈µα(t)|H(t)|µα(t)〉 = 0 at the end of the cyclic evo-
lution, which makes it possible for NHQC+ to be compatible
with most of the optimization schemes.
B. Offsetting the dynamical phase using part of the geometric
phase
In this subsection, we will introduce another way to imple-
ment geometric quantum computation in which the dynamical
phase is offset by a part of the geometric phases.
Consider a set of ancillary states {|µα(t)〉} which are de-
pendent on two time-varying parameters: λ1(t) and λ2(t),
then |µα(t)〉 = R(λ)|µα(0)〉, Aαβ(t) = A(λ1)αβ (t) +A(λ2)αβ (t),
where λ(t) =
(
λ1(t), λ2(t)
)T
and
A
(λj)
αβ (t) = λ˙j(t)〈µα(λ)|i
∂
∂λj
|µβ(λ)〉, (4)
that is we can divided gauge potential into two parts, if one
of which equals to the dynamical part of effective Hamil-
tonian: A(λ1)αβ (t) = Hαβ(t), then the time-evolution oper-
ator is governed by part of the gauge potential A(λ2)αβ (t) =
Aαβ(t) − Hαβ(t). For example, consider R(λ) = eX(λ),
then
Aλ1αβ(t) = 〈µα(λ)|
[
iλ˙1(t)
∂X(λ)
∂λ1
]|µβ(λ)〉, (5)
setting H(t) = iλ˙1(t)
∂X(λ)
∂λ1
, Hαβ(t) will be cancelled out
with Aλ1αβ(t). The operator A
(λ2)(t) transforms as a gauge
potential under the change |µα(t)〉 →
∑
β |µα(t)〉V ′αβ(λ2),
where V ′(λ2(t)) is any once differentiable operator such that
V ′(λ2(τ)) = V ′(λ2(0)).
For a more specific example, consider X(t) which is of the
following form
X
(
λ(t)
)
= −iF (λ1(t))H0(λ2(t)), (6)
where F
(
λ1
)
is a λ1-dependent real function, H0(λ2) is
a λ2-dependent hermitian operator. To cancel out the dy-
namical part of effective Hamiltonian, we should choose
H(t) = iλ˙1(t)
∂X
∂λ1
= λ˙1(t)
∂F (λ1)
∂λ1
H0(λ2), which result in
a pure geometric effective Hamiltonian Heff(t) = A(λ2)(t) =
λ˙2(t)R
†(λ)i∂λ2R(λ), Eq. (2) then can be simplified into
d
dt
cαβ(t) = i
∑
γ
A(λ2)αγ (t)cγβ(t), (7)
the formal solution of Eq. (7) reads: c(t) =
T exp
[∫ t
0
A(λ2)(t′)dt′
]
. Using the cyclic condition
|µα(τ)〉 = |µα(0)〉 and the definition of cαβ(t), we
have |ψα(τ)〉 =
∑
β cαβ(τ)|µβ(0)〉, which indicates that
c(τ) is just the transformation matrix from initial states to
final states. Hence, the temporal evolution operator reads:
U(τ, 0) = c(τ) = T e
∫ t
0
A(λ2)(t′)dt′ , (8)
this cyclic unitary time-evolution operator is geometric since
only a gauge potential A(λ2)(t) attributes to it.
C. Floquet geometric quantum computation
The FGQC scenario is a special case of the scheme de-
scribed in Sec. II B, it applies to a driven system with the
following Hamiltonian
H(t) = f(λ1(t))H0(λ2(t)), (9)
where f(λ1 + T ) = f(λ1) is a periodic real function with
period T and
∫ T
0
f(λ1)dλ1 = 0. As we have mentioned in
the above subsection, to offset the dynamical phase by a part
of the geometric phase, one should choose R(λ) = eX(λ),
where X(λ) is given by (6) and F (λ1) is the primitive func-
tion of f(λ1).
3Using the condition
∫ T
0
f(λ1)dλ1 = 0, it is readily to ver-
ify that F (λ1) is also periodic with period T , so are both
R(λ) and A(λ2)(λ1, t). One can expands A(λ2)(λ1, t) and
c(λ1, t) in a complete set of basis of the λ1 parameter space:
{eilωλ1 |l ∈ Z}, with which Eq. (7) can be recast into
d
dt
c
(k)
αβ (t) =
∑
γ;m
iHFα,γ;k,m(t)c
(m)
γβ (t), (10)
when λ1(t) = ωt, we have
HFα,γ;k,m(t) = A
(λ2;k−m)
αγ (t)− kωδkmδαγ , (11)
they are the matrix elements of the operator
HF (t) ≡ A(λ2)(λ1, t) − i∂λ1 , with A(λ2;k−m)αγ (t) =
1
2pi
∫ 2pi
0
A
(λ2)
αγ (λ1, t)e
−i(k−m)λ1dλ1.
It is readily to see that |l˜〉 = eilωλ1 are the eigenbasis of
operator i∂λ1 with eigenvalues −lω, these eigenvalues do not
change when we vary the time t, they hence form bands which
are referred to as Floquet bands [75]. In other words, the i∂λ1
is diagonal for basis |l˜〉. The operator A(λ2)(λ1, t) in general
is not diagonal for this basis, the off-diagonal terms describe
the coupling between different Floquet bands. However, ac-
cording to Eq. (4),A(λ2;m)(t) is proportional to λ˙2(t), if λ2(t)
changes slowly in time and λ1(t) is a fast time-varying argu-
ment such that A(λ2;m)αγ (t) kω, we may ignore all terms of
HF (t) with k 6= m, that is
HFα,γ;k,m(t) ≈ [A(λ2;k−m)αγ (t)− kωδαγ ]δkm, (12)
in analogy to the conventional adiabatic approximation, this is
the adiabatic approximation of Floquet band. Using Eq. (12),
one will obtain the approximate solution of Eq. (10):
U(τ, 0) = c(τ) ≈ T ei
∫ τ
0
A(λ2;0)(t)dt, (13)
where A(λ2;0)(t) = [1/(2pi)]
∫ 2pi
0
A(λ2)(θ, t)dθ. Comparing
with (8), A(λ2)(θ, t) is replaced with an averaged quantity
A(λ2;0)(t), which can be interpreted as a gauge potential result
from the adiabatic motion in a single degenerate Floquet band,
that’s why we call it Floquet geometric quantum computation
scenario.
III. PHYSICAL REALIZATION USING RYDBERG ATOM
The Rydberg atoms provides an appealing experimental
platform for the implementation of quantum computation
since its long coherence time [76, 77]. In this section, we
apply the proposed theory into Rydberg atom platform to con-
struct single- and two-qubit gates, respectively. (It should be
mentioned that our theory can be applied into many platforms,
we just use Rydbreg atom to show the feasibility.)
A. Implementation of single qubit gates
Consider a Rydberg atom with long-lived clock states en-
coding |0〉 and |1〉 [78] which is driven by a microwave pulse
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FIG. 1. (a) Setup for two-level Rydberg atom. The two-level
system is driven off-resonantly with time-dependent detuning ∆(t),
Rabi frequency (t) and phase ϕ(t). (b) Illustration of the control of
two-qubit gate based on RRI between two identical two-level Ryd-
berg atoms, V denotes the RRI strength. For the individual Rydberg
atoms, a resonant microwave pulse with Rabi frequency Ωα is ap-
plied to facilitate the transition |0〉 → |1〉.
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FIG. 2. (a) The Rabi frequency (t) (blue dashed line) and detuning
∆(t) (black solid line) for the numerical simulation of X gate using
FGQC. (b) The Rabi frequency (t) (blue dashed line) and phase
ϕ(t) (black solid line) for the numerical simulation of Z gate using
FGQC. The temporal evolution of populations (blue dashe line for
state |1〉, black dotdashed line for state |0〉) and fidelities (red solid
line) with a given initial state |ψ(0)〉 = (1/√2)(|1〉+|0〉) for FGQC
X gate (c) and Z gate (d). (e) The temporal evolution of gate fidelities
for X (black solid line) and Z gate (blue dashed line).
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FIG. 3. Fidelities of Z gate versus amplitude of error on Rabi fre-
quency (without considering decoherence in the simulation), results
of three different protocols are shown: DG (blue thick line), NGQC
(orange dashed line) and FGQC (green dot-dashed line).
to realize the transitions of |0〉 ↔ |1〉 with detuning ∆(t) and
Rabi frequency (t) with phase ϕ(t) as shown in Fig. 1 (a). In
the rotating frame, by using the rotating wave approximation,
this two-level Rydberg atom interacting with the microwave
pulse is described by the a time-dependent Hamiltonian
H(t) =
∆(t)
2
σz +
(t)
2
(cosϕ(t)σx + sinϕ(t)σy). (14)
Taking |0〉, |1〉 as the computational basis, we aim to realize
an arbitrary one-qubit nonadiabatic geometric gate,
U(τ, 0) = eiγF·n (15)
where F = 12 (σx, σy, σz)
T, n =
(sin θ cosφ, sin θ sinφ, cos θ) is an arbitrary unit vector
and γ is an arbitrary phase with the geometric feature. Eq.
(15) describes a rotational operation around the axis n by a
angle γ. If we choose pulse shapes of the following form:
∆(t) = ∆0(t) cos(ωt+ θ0) (16)
(t) = 0(t) cos(ωt+ θ0), (17)
where ω and θ0 are time-independent parameters, ∆0(t) and
0(t) are in general time-dependent real functions. The
Hamiltonian then can be rewritten as
H(t) = cos(ωt+ θ0)F · r(t) (18)
where r(t) = (0(t) cosϕ(t), 0(t) sinϕ(t),∆0(t))T. Eq.
(18) has the same form as Eq. (9) if λ1(t) = ωt + θ0,
f
(
λ1(t)
)
= cos[λ1(t)] and H0(t) = F · r(t). According to
Eq. (6), for a FGQC scenario, the ancillary basis is given by
the transformation: R(ωt, t) = exp
[ − i sin(ωt+θ0)ω F · r(t)],
this transformation will result in the following approximated
effective Hamiltonian
A(λ2;0)(t) = Ω(t)[1− J0(|r(t)|/ω)]F · n(t) (19)
where Ω(t)n(t) ≡ r(t) × r˙(t)/|r(t)|2 with n(t) a unit vec-
tor, J0(a) is the zero-order Bessel function. If vectors r
and r˙ are always stay on a fixed plane, then n(t) does not
change and the effective Hamiltonian (19) at different time
will be commutable with each other, the time evolution oper-
ator (13) can be simplified into U(τ, 0) = exp
[
iγ(τ)F ·n(t)]
with γ(τ) =
∫ τ
0
dtΩ(t)
[
1 − J0(|r(t)|/ω)
]
, this expression
of U(τ, 0) has the same form as (15). As n and γ(τ) can take
any value, we can implement universal single-qubit gate using
FGQC scenario.
Any quantum task will inevitably be affected by
environment-induced decoherence. To realistically evaluate
the performance of FGQC gates, we here simulate the noisy
gate operation by using the master equation:
dρ(t)
dt
= −i[H(t), ρ(t)] +
2∑
i=1
Li[ρ(t)] (20)
where H(t) is the ideal Hamiltonian, Li[ρ] = γi[AiρA+i −
(1/2){A+i Ai, ρ}] is the Lindblad superoperator which acts the
on density matrix ρ of the quantum system, {a, b} = ab+ ba
is the anticommutator. For the case of a two-level Rydberg
atom, the incoherent processes, include decay and dephasing:
A1 = σ−, A2 = σz , with σ− the spin ladder operator and σz
the Pauli z matrix, γ1 and γ2 are thus the decay and dephasing
rate respectively.
Here we take Z gate and X gate as examples, the decay
and dephasing rate are choosen as γ1 = 8 Hz and γ2 = 80 Hz
respectively. To implement a single-qubit Z gate using FGQC,
we choose ∆0(t) = 0, 0(t) = Ω0 and ϕ(t) = Nt, with Ω0
andN are real constants which satisfyN [1−J0(|r(t)|/ω)] =
pi, here |r(t)| = Ω0, the pulse shapes are shown in Fig. 2
(a). In deriving the effective time evolution operator Eq. (13),
we have used the condition A(λ2;m)αγ (t)  kω, this condition
here implies ω  N . Before determining the parameters, we
assume L ≡ ω/N = 9.34 is a constant and define x = ω/Ω0,
then we have
N [1− J0(Ω0/ω)] = Ω0
L
x[1− J0(1/x)], (21)
note that the maximum value of g(x) ≡ x[1 − J0(1/x)] is at
position xopt ≈ 0.363 with g(xopt) ≈ 0.423, we therefore
set ω/Ω0 = xopt. In the simulation, we use experimental
feasible parameters: τ = 300 ns, ω = 8pi/τ ≈ 2.01 MHz,
Ω0 = ω/xopt ≈ 5.55 MHz, N = ω/L ≈ 0.215 MHz. For
the X gate, we set 0(t) = Ω0 sinMt, ∆0(t) = Ω0 cosMt,
ϕ(t) = pi/2, with M = N a real time-independent con-
stants. The corresponding pulse shapes are shown in Fig.
2 (b). Other parameters are the same as Z gate. In Fig.
2 (c) and (d), for X and Z gate respectively, we show the
temporal evolution of state populations for |0〉 and |1〉 with
a given initial state |ψ(0)〉 = (1/√2)(|1〉 + |0〉), the cor-
responding fidelities of target states and temporal evolution
states are also shown in these figures which final values at τ
are: FX(τ) ≈ 0.9986 and FZ(τ) ≈ 0.9990. We have also in-
vestigated the gate fidelity of FGQC X and Z gate defined by
F = (1/2pi)
∫ 2pi
0
〈ψI |ρ|ψI〉dΘ for initial states of the form
|ψ〉 = cos Θ|0〉 + sin Θ|1〉, where a total of 101 different
values of Θ were uniformly chosen in the range [0, 2pi], the
5results are shown in Fig. 2 (e), the gate fidelities at τ are
FX,gate ≈ 0.9993 and FZ,gate ≈ 0.9992 for X and Z gate re-
spectively.
We also evaluate the robustness of FGQC against static con-
trol errors through simulating a Z gate in the presence of the
global control error, The corresponding Hamiltonian has the
following form
H ′(t) = (1 + δ)H(t) (22)
whereH(t) is the error-free Hamiltonian, δ represents the am-
plitude of error. We show the gate fidelity versus δ in Fig. 3, it
is readily to see that FGQC scenario is more robust than stan-
dard dynamical scenario and NGQC scenario in dealing with
global control errors.
B. Theoretical Robustness analysis of FGQC
Since only a gauge potential A(λ2;0)(t) attribute to the
cyclic unitary evolution operator (13), FGQC is a geometric
scenario. However, as we have demonstrated in Ref. [44], a
geometric scenario is not necessarily error-resistant. Here we
will demonstrate that the FGQC is an error-resistant GQC sce-
nario. To make it clear, we consider a quantum system subject
to global control error, the corresponding Hamiltonian is given
by Eq. (22). Given an initial state |ψm(0)〉, the correspond-
ing time evolution state reads |ψ′m(τ)〉 = U ′(τ, 0)|ψm(0)〉
with U ′(τ, 0) = T exp[i ∫ τ
0
dt(A(λ2)(ωt, t)− δH(ωt, t))],
normally δ is a small quantity in experiment, it is reasonable
to assume δHαγ(t)  kω, similar to the derivation of Eq.
(13), we can expressed U ′(τ, 0) approximately as
U ′(τ, 0) ≈ T ei
∫ τ
0
[A(λ2;0)−δH(0)(t)]dt (23)
where H(0)(t) = (1/2pi)
∫ 2pi
0
H(θ, t)dθ, then using perturba-
tion theory up to O(δ):
|ψ′m(τ)〉 = |ψm(τ)〉 − δ · i
∑
n
|ψn(τ)〉Qnm(τ) +O(δ2)
(24)
where |ψm(τ)〉 = U(τ, 0)|ψm(0)〉 is the ideal time evolution
state and Qnm(t) =
∫ t
0
dt′〈ψn(t′)|H(0)(t′)|ψm(t′)〉.
It is readily to see from Eq. (24) that to eliminate the second
term at the right side, Qmn(τ) should equals to zero:∫ τ
0
〈ψn(t)|H(0)(t)|ψm(t)〉dt = 0 ∀m,n. (25)
Eq. (25) maintain the robustness of FGQC against global con-
trol error to first order in δ. In FGQC scenario, H(0) is given
by
H(0)(t) = f¯(λ1)H0(λ2) (26)
where f¯(λ1) = [1/(2pi)]
∫ 2pi
0
f(λ1)dλ1, while f¯(θ) equals to
zero by definition, then H(0)(t) = 0 and Eq. (25) is satisfied.
Therefore, FGQC is robust against global control error.
C. Two qubit gate
We have shown that an arbitrary one-qubit FGQC gate can
be obtained by addressing an individual Rydberg atom with
microwave pulse. To realize universal geometric quantum
computation, a nontrivial two-qubit gate is needed beside one-
qubit gates. We here demonstrate how to realize a nontrivial
two-qubit FGQC gate by using the Rydberg-Rydberg interac-
tion (RRI).
Consider two two-level Rydberg atoms with Rydberg-
Rydberg interaction V , as shown in Fig. 1 (b). The αth atom
is resonantly driven by a microwave pulse to realize the tran-
sitions |0〉α → |1〉α, with Rabi frequency Ωα(t). In the rotat-
ing frame, the Hamiltonian of the two-Rydberg-atom system
reads [27]
H12 = H1 ⊗ I2 + I1 ⊗H2 + V |11〉〈11|, (27)
where Hα = Ωα(t)(|0〉α〈1| + |1〉α〈0|) is the single-atom
Hamiltonian describing the interaction between the αth atom
and the microwave pulse, Iα denotes the identity operator act-
ing on the αth Rydberg atom.
To realize a non-trivial two-qubit gate, the Rabi frequencies
of microwave pulses are taken as Ω1(t) = −ΩR(t) cos(φ/2),
Ω2(t) = ΩR(t) sin(φ/2), we have
H12(t) = ΩR(t) (|B〉〈00| − |B′〉〈11|+ H.c.) + V |11〉〈11|,
(28)
where |B〉 = sin(φ/2)|01〉 − cos(φ/2)|10〉, |B′〉 =
cos(φ/2)|01〉 − sin(φ/2)|10〉.
Further, taking a rotation U = exp[−iV t|11〉〈11|], then the
two-atom Hamiltonian can be recast as
Hrot(t) = ΩR(t)
(|B〉〈00| − |B′〉〈11|e−iV t)+ H.c.. (29)
If V  ΩR(t) the off-resonant terms are negligible, it means
that the simultaneous excitation of two atoms from ground
state two Rydberg states are inhibited. In this case
Hrot(t) ≈ ΩR(t)|B〉〈00|+ H.c.. (30)
According to Eq. (30), the effective Hamiltonian only affects
subspace S = Span{|B〉, |00〉}, we therefore set S as com-
putational space. Consider ΩR(t) = [Ω0/2]f(ωt) exp[iϕ(t)]
where Ω0 is a real constant, both f(ωt) and ϕ(t) are real func-
tions, the Hamiltonian (30) can be rewritten as
Hrot(ωt, t) = f(ωt)F · r′(t), (31)
where F ≡ (σ˜x, σ˜y, σ˜z)T /2 and r′(t) =
Ω0(cosϕ(t),− sinϕ(t), 0)T with σ˜x ≡ |B〉〈00| + |00〉〈B|,
σ˜y ≡ −i|B〉〈00| + i|00〉〈B|, σ˜z ≡ |B〉〈B| − |00〉〈00|.
To be more specific, f(ωt) = cosωt, then
Hrot(ωt, t) = cosωtF · r′(t). To construct a FGQC
gate, we should choose R(t) = exp[−iΩ0 sinωtF · r′(t)/ω],
which satisfies the boundary condition R(τ) = R(0) = I if
ωτ = kpi, ∀k ∈ N+, the corresponding effective Hamiltonian
reads
Heff(t) = ϕ˙(t)R
†(t)(−i∂/∂ϕ)R(t). (32)
6Similar to the derivation of Eq. (13), if ω  ϕ˙(t), then at
t = τ , the time evolution operator can be approximated as
U(τ, 0) ≈ T e−i
∫ τ
0
H
(0)
eff (t)dt, (33)
where H(0)eff (t) = [1− J0(Ω0/ω)]F · (r′ × r˙′)/Ω20. If ϕ(t) =
Nt, we have r′ × r˙′/Ω20 = −N(0, 0, 1)T and H(0)eff (t) =−N [1− J0(Ω0/ω)]σ˜z/2.
In terms of the basis {|00〉, |01〉, |10〉, |11〉}, the matrix
form of averaged effective Hamiltonian reads
H
(0)
eff (t) = C ·

0 0 0 0
0 cos2
(
φ
2
)
− sinφ
2 0
0 − sinφ2 sin
2
(
φ
2
)
0
0 0 0 −1
 , (34)
where C ≡ −(N/2)[1 − J0(Ω0/ω)]. The time evolution op-
erator is given by
U(τ, 0) =

1 0 0 0
0 12 (D1 −D2 cosφ) 12D1 sinφ 0
0 12D1 sinφ
1
2 (D1 +D2 cosφ) 0
0 0 0 eiατ

(35)
where D1 = 1 + exp(−iCτ) and D2 = 1 − exp(−iCτ). It
is readily to see that when eiCτ = −1 and φ = pi/2, we have
U(τ, 0) =
1 0 0 00 0 1 00 1 0 0
0 0 0 −1
 . (36)
this operation is something like SWAP gate since:
U(τ, 0)|10〉 = |01〉 (37)
U(τ, 0)|01〉 = |10〉, (38)
this is an non-trivial two qubit gate which ensures that we can
implement universal quantum computation using FGQC.
IV. CONCLUSION
We show a new geometric scheme, called Floquet geomet-
ric quantum computation (FGQC), in which error-resistant ge-
ometric gates based on periodically driven two-level systems
can be constructed via a new non-Abelian geometric phase
proposed in recent work [75]. We also proposed a practical
implementation of single- and two-qubit FGQC gate using
Rydberg atoms. To numerically evaluate its realistic perfor-
mance, we simulated X and Z gates in the presence of de-
coherence or global control error using recent experimental
parameters. The noisy X and Z gate acting on a given ini-
tial state |ψ(0)〉 = (1/√2)(|1〉 + |0〉) reached state fideli-
ties as high as: FX(τ) ≈ 0.9986 and FZ(τ) ≈ 0.9990,
the gate fidelity for X and Z gate are FX,gate ≈ 0.9993 and
FZ,gate ≈ 0.9992 respectively. Through comparing the nu-
merical results of FGQC with NGQC and DG in the presence
of global control errors, we found that the FGQC scenario is
more robust over the other two. Furthermore, We analytically
demonstrate that FGQC is robust against global control er-
rors using perturbation method. FGQC is based on two-level
system (TLS), compared with NHQC it has the advantage of
not requiring complicated quantum control on a multi-level
structure. Therefore, this work makes a step towards the ex-
perimental realization of noise-resistant quantum computation
and quantum information processing.
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